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ABSTRACT 
The hydrogenation-dechlorination reaction of chlorodifluoro-
acetic acid to 4itluoroacetic acid was found to be catalyzed by Pd or 
Ft on active carbon. Because yields averaged ~80% for the reaction of 
Pd on active carbon, this route is an econanical means of producing 
ditluoroacetic acid. Preliminary economics suggest a selling price of 
$7.71/lb. at 100,000 lbs./yr. This compares to a suggested selling 
price of $9.77/lb. at 100,000 lbs./yr. for the only present commercial 
route used to produce ditluoroacetic acid. 
Constant boiling liquid phase hydrogenation-dechlorination 
reactions were carried out with catalyst systems of Pd and pt on active 
carbon. Hydrogen was ·held in large excess so as not to be a factor in 
the rate equation and was sparged into the reaction medium via a porous 
glass frit. Reaction pressure was limited to one atmosphere. 
Both catalyst systems exhibited zero-order reaction kinetics 
which suggested a Langmuir-Hinshelvood bimolecular reaction mechanism 
whtch leads to the rate expression, 
kT 
-
f;t e-t0 /kT 
h FAFBfs2 
which, when the catalyst surface is completely covered, reduces to, 
1 
(1) 
(2) 
i l: •I 
; ' 
----=----------',--
L. •, r·~ ·· " ' 
,.·;,·,··: · .. --;_·;t. '".', 
where Ko, the zero-order initial rate constant, is approximated by, 
!!· 
h 
ff 
Insufficient experimental data were obtained to evaluate the constants 
( 3) 
for each syste•. At~ 128°c the rate for Pt was 0.000125 moles per hour 
per gram of catalyst. At the same temperature the rate for Pd was O. 000265 
moles per hour per gram of catalyst. 
2 
'· 
,:::· •. ,; • - ,.. • · r> · • \. ,',.~ • • ~·· ;:. •!~ .>,_· ' .... \,' ., r"·· • ·' "• ,,-, •·'- ,·,, ,:,- ,',·e~:•,_.,,, .. , 
INTRODUCTIOB 
The purpose of this work was to establish whether or not 
a catalyst could be found for the reaction 
and through preliminary experimentation to determine whether or not 
it is an economical consideration in comparison with other routes. 
The interest in difluoroacetic acid, here on abbreviated 
DFA, is centered about the ability of the difluoromethyl group to 
contribute biological activity. Although no biologically active compounds 
on the market contain the difluoromethyl group, research at Air Products 
and Chemicals, Inc. has definitely shown the difluoromethyl group to con-
tribute specific biological activity, under extensive testing, for several 
series of compounds. For most prospective compounds, using DFA as a raw 
material is the easiest and most economical method of synthesizing a 
compound having a difluoromethyl group. Several series of compounds 
containing the difluoromethyl group were found to exhibit selective 
biological activity toward plants and insects. However, these compounds 
were also found to be non-toxic to mammals, thus having a distinct 
advantage over most pesticides now on the market. 
Chemists have found, more by experience than scientific investi-
gation, that, except for special cases, conductors make the best hydro-
genation catalysts. Thus, the major source of literature on hydrogenation 
had been restricted to metals. Metal catalysts are generally limited to 
3 
l. 
the transition metals: Ti, Zr, Hf, V, Nb, Ta, Cr, Mo, W, Fe, Re, Ni, 
Co, Rh, Pd, Pt, Ir and Ru, because their partially filled d-bands are 
reaponsible for covalent bonding to metal surfaces on which catalytic 
and chemisorption activity is confined. Since the strength of hydrogen 
adsorption reaches a maximum at about one vacant d-orbital, the selection 
of a superior catalyst is limited to: Co, Ni, Rh, Pd, Ir, Ru and Pt. 
The choice of such a catalyst is narrowed even further when hydrogenating 
a strong acid. Ni and Co have a relatively strong tendency to reduce 
carboxylic acids and under certain conditions are subject to attack by 
strong carboxylic acids. 
A catalyst carrier is a major constituent which serves as a 
base, support, carrier or binder for the active constituent, but has 
little, if any, catalytic activity for the reaction in question. Of 
all hydrogenation catalyst carriers, perhaps the two most popular are 
active carbon and silica. As insulators they contribute essentially 
no catalytic activity. They also contain large surface areas,~ 750 
m2/g, which increase the rate of reaction. Another advantage of active 
carbon and silica is their stability toward a variety of compounds, high 
temperatures, and high pressures. Therefore, because insulators afford 
the best support of hydrogenation catalysts and because active carbon 
and silica possess physical, economic and kinetic advantages, they are 
most frequently used as carriers. 
Five of six literature references (1-6) suggested Pd as the 
catalyst and five of the six suggested active carbon as a carrier for 
byllrogenation-dechlorination reactions. As a result, the bulk of 
4 
experimental work for this report was made with Pd on active carbon. 
Very little has been done in studying selective hydrogenation-
dehalogenation and none on chloro-fluoro acids. Work done by Campbell 
and Kemball ( 1) on monochloro lower alkanes has shown ·that the rate of 
reaction is proportional to the concentration of CH + 1c1 and that , n 2n 
the HCl by-product acts as a poison being more strongly adsorbed on the 
same sites. They found their reaction rates to follow a simple Langmuir 
treatment which gives the differential equation 
= 
dt 
where 
CHC = concentration of CnH2n + 1c1 at time t 
CHCl = concentration of HCl at time t 
The constant K1 
is related to the strength of the adsorption of the HCl 
and is proportional to exp ( q/RT) where q is the heat of a.dsorption of 
HCl. The constant K is the initial rate constant and contains the usual 
r 
Arrhenius term, exp (-E/RT). No term was introduced for hydrogen concen-
tration because it remained substantially constant in large excess. If 
we let 
c~C = initial concentration of CnH2n + 1c1 
the differential equation integrates to 
Kt = (1 + C~CK1) ln c~c) - K (c~c - CHC) r CHC 1 
t 
5 
,. 
;4,-:. 
This treatment also suggested that pore diffusion was not limiting. 
The results of this report are compared with the above results of 
Campbell and Kernball. 
Only four methods have been reported for synthesizing DFA. 
They are outlined below. 
(1) CF2 = CF2 + NaHS03 
H20 > 
CF2HCOONa + S022HF 
2CF2HCOONa + H2so4 > 
2CF2HCOOH + (Na) 2so4 
Reference 7 
fF2H 
,,{:~ 
(2) 3CF2 = CF2 + 3NH3 > r( "N , I + 6HF 
CF 2H - C /C - CF 2H 
"N, 
2CF2HC00Na + H2so4 > 2CF2HCOOH + Na2so4 
References 8, 9, 10 
(3) CF2 = CF2 + Et2NH > CF2HCF2NEt2 
CF 2HCF 2NEt 2 + NaOH + Hi 
-~ 
CF2HCOONa + 1~2NH + 2HFt 
2CF2HC00Na + H2S04 > 2EF2HCOOH + Na2so4 
References 11, 12 
(, 
~- -~ . ----~~--~-
fl H 
(4) CF2HC = b - Cl KMn04 
or ) CF2HCOOK + CF2HC00Na 
CF2Ht = il- Cl NaOH 
References 13, 14, 15, 16 
Methods 1, 2 and 3 suffer from the disadvantage that only half of the 
available fluorines are used. Because fluorinated compounds are much 
more expensive than their other halogenated homologs, it is desirable, 
when working with fluorinated compounds, to make use of all available 
fluorines. Tetrafluoroethylene is very explosive and difficult to 
handle and as a result it is not commercially available, The last 
method is the only method used to commercially produce DFA. The starting 
material Cl H I I 
CF HC = C - Cl 
2 
is made through the following reactions: 
CC1
3
H + CClH = CClH 
70 - 75% 
yield 
CC1
2
HCC1HCC1
2
H Ale' KOH > CC12HCC1 = CHCl 95% yield 
SbF3 -~ 
= CClH ~ 
40 - 45% 
yield 
7 
CF2HCC1 = CClH 
(17) 
(18) 
(19, 20) 
The econanics of Method 4 are presented in the Table of 
Appendix A. The capital investment was estimated by the method of 
Buchanan and Zevnik (21). At a plant capacity of 100,000 lbs./yr. 
the selling price was calculated to be $9.77/lb. The econanics of 
Method 4 will be compared with the economics for the process studied 
in this report. 
The possibility of a lower selling price via hydrogenation-
dechlorination of chlorodifluoroacetic acid (abbreviated CDFA) was 
suggested by a quoted CDFA price of $3.25/lb, at >100,000 lbs./yr. 
from Halocarbon Chemical. 
8 
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~PERIMENTAL PROGRAM 
The experimental program was designed for the investigation 
of likely catalysts for the hydrogenation-dechlorination of CDFA to 
DFA and to obtain preliminary rate data for possible future work. 
The catalysts studied were 5 wt. percent Pd and Pt supported 
on active carbon. The reaction mixtures contained 5 and 10 percent 
catalyst based on the weight of CDFA charged. The catalysts were 
purchased in powder form as standard items from Engelhard Industries, 
Inc. (22). CDFA was purchased from Allied Chemical Co. and was verified 
to be ~99% pure by the Houdry Process and Chemical Co, Division of Air 
Products and Chemicals, Inc. The hydrogen, 99,5% pure, was supplied 
by Air Products and Chemicals, Inc. Batch reaction size was limited to 
one gram mole of CDFA (130,5 g. ). Liquid phase hydrogenations were 
used because of their simplicity when compared to vapor phase reactions. 
The reactions were carried out under reflux at 122 + 134°c. 
The reaction off ~ases were bubled into a AgN03 solution to 
establish the presence of HCl 
H20 HCl + AgN0 3 -----J AgCl -1- + HN0 3 
The presence of l!Cl indicated that, at least, the catalyst was effective 
in hydrogenating-dechlorinating. 
NMR and elemental analyses were used for determinin~ the 
actual structure of the product and to compare the product with 
9 
,: 
j·· 
commercially available DFA from Columbia Chemical Co. 
G~s-liquid chromatograp~y w~s chosen as the analytical 
method for rate data analysis. Two 1/811 x 811 columns 'packed with 
, ' 
15% by weight Ukon LB-1715 on Chromasorb .~ (DMCS treated), fixed 
in a Perkin~Elmer F-11 gas chromatograph, were used as sample and 
reference tubes. The temperature was prop;rammed from 300c to 200°c 
at 20°c/min. in order to optimize both program t:ime and peak separatioi;i, 
The followi~@: was observed for a 1 ul. injection at an attenuation of 
32, 
Relative Area 
Retention Time (min.) 
CDFA DFA 
2496 
10.6 
2108 
8.8 
The response of DFA was_ desip;nated 1. 00, therefore, the response of 
CDFA was desi@:nate~ 1.18. Conversion to DFA was calculated through 
the following equation 
where 
% Conversion= 
ADFA x 100 
1))FA + ACDFA 
1.18 
-~FA = Area of the DFA peak 
ACDFA = Area of the CDFA peak 
(1) 
ri'rlis method can be used since the densities of these compounds are 
esentially the same. 
{bFA = 1. 54 cc/g. (':iCDFA = 1.·56 cc/g. 
10 
~: 
1 
.( 
I 
; 
·~ 
,,' I ,i.: ;"·· •• ,'J.a<~-1,,.;.··,,·, 
Equation· 1 assumes that no organic products other then DFA are 
generated. Actual analysis has shown that this is a good assumption. 
This analytical technique was found to be accurate to within 3 
percentage units (i.e. actual 8%; will analyze 5-11%; acutal 90%, 
will analyze 87-93%). 
where 
At reaction termination the yields were calculated from 
(WM - W) (fraction converted) (100) 
% Yield= ~~~-c~~~~~~~~~~-~~ 
96.0 g. 
WM= weight of CDFA + DFA + catalyst, etc. (g.) 
WC= weight of catalyst charged (g.) 
The 96.0 g. represents the theoretical DFA product weight. This 
expression is only approximate since the water impurity has not 
been taken into account. Karl-Fisher water analysis of the finished 
product reveals a water content of ~2%. However, the effect on the 
accuracy of this equation is partially off-set by the fact that the 
CDFA is ~99% pure. Thus the error in the yield equation is only 
~1%. This error was ignored since it was within the range of accuracy 
of the conversion calculation. 
Molar yield loss was calculated by equation (3) below. 
(2) 
% Molar Yield Loss= WP (1.00 - FCDFA/130 - FCFA/96.0) (100) (3) 
where 
WP = liquid product weight (g.) 
FCDFA = fraction of CDFA 
FDFA = fraction of DFA 
11 
i 
1 
' 
and wh~re FDFA is equal to the final conversion and FCDFA is equal 
to one.minus ,the conv:ersion. This equation is accurate to'\:,1% .. 
rfhis loss figure represents the CDFA and/or·DFA which escaped vfa. 
vapor liquid eq.uilibria. in the hydrogen stream. A drv ice isopro-~ ,,· 
panel cold trap was not successful in preventinF-r this 2.·nss. 
The ootimum yields obseived were. us~d to est~blish a 
selling price which could be compared to that predi;ctei by the 
present commercial r•Jute. 
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EXPERIMENTAL APPARATUS AND OPERATING PROCEDURE 
A flow schematic diagram of the experimental set-up is shown 
in Figure 1. The nomenclature and specifications of the equipment are 
presented in Table I. 
The purpose of the apparatus was. to provide a simple, yet 
effective means for liquid phase halogenation-dechlorination reactions. 
Inherent in the system is a means of HCl detection and a provision for 
collecting any possible low boiling compounds. 
1. 
2. 
3, 
4. 
The operating procedure was: 
Charge to the reaction vessel (2) the desired amount of catalyst 
(6.5 g.@ 5%, 13.0 g.@ 10%), 
Charge to the reaction vessel 0 one gram mole of CDFA (130,5 g.). 
Connect reaction vessel to system. 
By adjusting jack G) , inunerse the reaction vessel 0 in oil 0 con-
tained in beaker @) such that the oil level is at least equal to 
the reactant level. 
5, Charge to bubbler @ 50cc of 0.1 N. AgN0 3 solution. 
6. Charge drier @ with ''Drierite" drying agent. 
7. Charge condenser @ with isopropanol and dry ice. 
8. Start water flow @ to condenser @ . 
9. Start small hydrogen flow to reactor. 
10. Adjust heat from hot plate @ to the desired level (a setting of 4). 
13 
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FIGURE I 
SCHEMATIC OF 
EX PERI MENTAL 
APPARATUS 
.,-:·:'···,·.,· ,,·,.• 
f ;, 
SYMBOL NO. 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
TABLE I 
Equipment Nomenclature and Specifications 
DESCRIPTION 
Manually opeI·ated scizzors jack 
Teflon coated magnetic stirring bar 2" long 
Ohaus 0-2500 g. scale, single pan 
~.,,-.,~_ .'' ' 
Medium porosity glass frit with pyrex tube extension 
Fisher Scientific high temperature bath oil 
Lecture bottle of high purity H 2 
200 cc pyrex vessel 38 mm. dia. x 180 mm.long with 
40/50 joint 
Air Products lecture bottle regulator 
Hoke brass fine metering valve with 1/8" Gyrolok 
fittings, 
Fisher and Porter rotameter; tube 08-150 with l/16" 
glass float. (see appendix for calibration chart). 
Mercury filled glass thermometer 0-250°C with 10/30 
ground gla~s joint and 4" immersion 
Ground glass pyrex reducer 24/40 x 10/30 
All teflon 1/li" tube adaptor with 24/40 joint 
City water condenser supply in 
Ground p;lass pyrex reducer 40/50 x 24/40 
Condenser water out to drain 
Friedrichs condenser with 24/40 joints 
Pyrex 3 way stopcock, 4 mm. T bore with hollow plug 
15 
SYMBOL NO. 
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20 
21 
22 
23 
24 
25 
26 
27 
28 
TABLE I (cont'd.) 
DESCRIPTION 
Pyrex Dewar condenser with 24/40 joint, 75 mm. 
dia. x 300 mm. long 
Pyrex, 4 way, one parallel side arm adaptor with 
24/40 joints 
Pyrex trap 25 mm. dia. x 200 mm. lon~ 
Polyethylene drying tube 3/4
11 x 150 mm. 
Pyrex bubbler 24 mm. dia. x 200 mm. long 
Pyrex round bottom single neck receiver with 24/40 
joint 
Straight pyrex adaptor with ~as connection and 
24/40 joints 
Pyrex beaker, 2000 ml. 
Mercury filled glass thermometer, 0-250°C 
Thermolyne combination hot plate and magnetic 
stirrer. 
16. 
I , 
11. Adjust magnetic stirer @ to produce sufficient agitation of 
bath oil®. 
12. Adjust hydrogen flow by needle valve~ to a setting 3-6 on 
rotameter @) . (This corresponds to a flow rate of 0.141 -
0.282 g./hr. Minimum reaction time is~ 14 hrs.) 
13, Adjust hot plate setting such that bath oil temperature read on 
thermometer @ is no greater than 137°c. (This is 15°c higher 
than the CDFA boiling point). This temperature is intended to 
provide a maximum liquid phase reaction temperature at minimum 
reflux. Minimum reflux is verified by thermometer @ which 
should read no higher than 4o0 c. 
14. Periodically check H2 flow and bath temperat
ure. 
15, Off gas HCl may be determined by positioning 3 way valve @ 
straight through. The presence of HCl will result in a white 
precipitate in bubbler @ . 
16. Low boiling by-products (dew point > - 78°c) should be observed 
refluxing from condenser @ . 
17. Samples are taken with a long thin necked dropper (~l cc.) 
by lowering the bath with jack~ and disconnecting reaction 
vessel~ enough to allow a sample to be taken. 
18. At reaction termination the catalyst is filtered via vacuum 
filtration. The filtrate containing DFA is stored in a glass 
bottle with a polyethylene screw cap. 
l'( 
r 
,, 
\ 
,,, ,,.:· '""·'"--,•:,, 
. ,,,. 1·, •. .'.,, .... :., ,-• .. ,::-. 
To minimize losses, the weight of reactant.and product were
 
determined by weighing reaction vessel (i) and its contents, and 
subtracting from it the tare weight of vessel (i) and the weight of 
catalyst charged. Final weights for runs in which samples 
were 
taken were determined by adding the sample weight to the fi
nal weight. 
Because final composition was determined on product at reac
tion 
termination, this introduces an error of~+ 0.7%, 
Gas-liquid chromatography was used to determine the percen
t 
DFA and CDFA from which the conversion, yield and molar los
s were 
calculated. Samples which were periodically taken for rate
 data 
analysis in two of the runs, were filtered of the catalyst 
and 
analyzed on the chromatograph. Analyzed percent DFA and CD
FA were 
used to generate conversion versus time data. 
18 
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PRESENTATION AND DISCUSSION OF RESULTS 
The six (6) experimental runs conducted during this investigation 
are summarized in Table II. Run 1 was made simply to determine whether the 
reaction was feasible and practical at reflux temperatures. Analysis of Run 1 
showed that it was feasible and at least practical for laboratoy investigation. 
We initially intended to stop runs when the AgN03 bubbler showed 
no evidence of HCl emmission. This criteria was used for Run 1. However, 
Run 2 was stopped because of a false indication after only 101.5 hrs. Gas 
chromatography established that Run 2 was only ~20% converted. Efforts to 
effectively separate CDFA from DFA by distillation of Run 2 product were 
fruitless. High reflux ratios in a 7 theoretical plate column were ineffective 
in producing a satisfactory separation. The entire product of Run 2 was 
replenished with CDFA to one gram mole and used as the charge for Run 3. The 
purpose of Run 3 was to develop and test a quantitative gas chromatographic 
technique for spot analysis during a run. 
The technique developed is described on pages 10 and 11. Organic 
acids are generally more difficult to analyze than other classes of organic 
compounds via gas chromatography. Organic acids cannot be analyzed to the 
same degree of precision. This difficulty is created by the "tailing" of 
organic acids caning off the column. The tailing effect is attributed to the 
strong hydroxyl bonding to the adsorbent surface. Consequently, the accuracy 
of analysis is reduced. 
Run 4 was made to produce a technically pure DFA from the reaction 
without any purification. This run was necessary because of separation problems 
encountered in the attempted distillation of Run 2. The results of analyses on 
19 
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·Run No. 
11. 
2 
3 
4 
5 
6 
Catalyst 
5% Pd on A.C. 
5% Pd on A.C. 
5% Pd on A.C. 
5% Pd on A.C. 
5% Pt on A.C. 
5% Pd on A.C. 
TABLE II 
% Catalyst 
On CDFA 
5 
5 
10 
10 
10 
10 
Reaction 
Time Hrs. 
236,5 
101.5 2· 
75.0 
240 
343 
288 
% CDFA 
Conversion 
80.0 3· 
96.0 
56.1 
95.8 
. ' ~. ,.,., .. ", 
% CDFA 
Yield 
% Overall 
Molar Yield 
Loss 
------ ----
-------
------ ----
-------
70.1 
81. 9 4• 
41.9 
78.3 4· 
17.3 
22.2 
34.5 
21.6 
1, The sole purpose of this run was to determine whether or not DFA could be 
synthesized via catalytic hydrogenation of CDFA. 
2. Until a small sample, analytical technique was developed, it was necessary- to 
stop the entire run to analyze by gas chromatography the progress of the run. 
Run 2 was replenished to one total mole and used as the starting material for 
Run 3, 
3. This conversion is actually after 176.5 hrs. 
(See Remark 2) 
4. Based on 100% pure product and 100% pure CDFA 
charge. 
Constant Parameters 
1. Hydrogen Flow Rate= 0.141 - 0.288 g/hr. 
2. Reaction Temperature= 122 - 134°c (@ reflux) 
3. Reaction Pressure= atm. 
4. CDFA Charge= 132.5 g (1 g - mole) 
+ 
5, CDFA Source - Allied Chemical Co., found to be 99 % pure. 
: 1,.~:•., . .',·.~' ' ... · '-~· ... ",.,,;,,_, .. ' . 
'l 
i 
,· 
the product of Run 4 are compared to Columbia's DFA. 
% DFA 
Run 4 
95.8 
2.36 
1.83 
Columbia Chem. DFA 
92.8 
5.41 
0.000 
The above data was determined by NMR analysis, elemental analysis and 
Karl-Fisher water titration analysis at the Houdry Process and Chemical Co., 
Division of Air Products and Chemicals, Inc. 
Runs 5 and 6 were made for reaction rate studies at reflux 
temperatures. Time versus conversion data is presented in Table III and 
plotted in Figures 2 and 3. Both catalysts exhibited reaction rates of 
zero order with respect to CDFA concentration. The zero order rate for 
Pt was 0.000125 moles per hour per era.rJ of catalyst as compared to 0.000265 
moles per hour per gram of catalyst for Pd. These values were determined 
from the slopes in Figures 2 and 3. 1'he proportionality of the rate with 
the weight of catalyst was quantatively established in comparison of Runs 
land 2 with Run 6. 
The overall rate of reaction is so slow that this temperature 
region appears to be reaction controllinf,. Zero order reactions are some-
times observed for diffusion controlled reactions. In this case, however, 
diffusion limitations seem highly unlikely. 
The reaction of CDFA and H2, both adsorbed, can only o
ccur if 
the molecules are adsorbed on adjacent sites. This adsorption-reaction 
sequence is termed the Lan~uir-Hinshelwood mechanism (23). The reaction 
may be written as follows: 
TABLE III 
CONVERSION VERSUS TIME DATA 
Run No. 5 - 10% Pt Catalyst Level 
Time, hrs. Conversion, % 
0 0 
31 5,9 
72 8.5 
103 14.6 
; 
·, 22.8 150 
194 33,0 
269 43.2 
343 56.1 
Run No. 6 - 10% Pd Catalyst Level 
Time, hrs. Conversion, % 
0 0 
20 11.2 ' 
·, 
113 30,1 
188 66.2 
242 83.2 
288 95.8 
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. CDfA i2 
H2 + CDFA + s2 <:::.. > - S - S - ---~ DFA + HCl 
where CDFA and H2 are the reacting
 molecules and s2 is a dual site. 
The 
rate of reaction is given by the absolute rate equation. 
kT 
h 
(1) 
where CA and CB are the gas phase concentrations of CDFA and H2 and FA a
nd 
FB are the corresponding partition functions per unit volume. The conce
n-
tration of bare dual sites, c8 , is related t
o the concentration of bare 
2 
single sites, c8, by 
(2) 
where Lis the total number of sites. Therefore, the rate may be formu
lated as 
-e: I kT 
e o 
( 3) 
This equation can be put into more general form using the isotherm equa
tions 
CA 
a (4) 
-=K A 
CACS 
CB 
a 
=~ 
(5) 
where CA and CB are the concentrations of adsorbed CDFA and H2• Anoth
er 
a a 
25 
} 
' ' 
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relatio~ship results fran an overall site bale.nee 
Combining equations 4, 5 and 6 we obtain 
Insertion of equation 7 into 3 gives 
kT 
h 
( 8) 
as the general equation for a catalytic bimolecular reaction according to the 
Langmuir-Hinshelwood mechanism. 
If the surface is highly covered by CDFA and H2 equation 8 reduces to 
kT (9) 
-V = h 
Once a catalytic surface is completely covered, it cannot distinguish between 
further changes in reactant gas concentration as long as the surface remains 
covered. As a consequence, that portion of equation 9 involving the gas 
concentrations can be represented by 
= consrant 
\ 
(10) 
lim {KC + ICC )2 
c
5 
~ o A A -13 B 
2 
Moreover, for a particular temperat~e the RHS of equation 9 
is constant, e.nd 
if we let 
(11) 
,. 
,, 
i. 
t~ 
.1)> 
!· 
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we arrive at the familiar form of the zero order rate equation 
v = K0e 
e: / kT 0 
(12) 
Campbell and Kembal (1) have studied similar reactions with monochloro 
lower alkanes. They have shown by a simple Langmuir expression that the rate 
of reaction is proportional to the concentration of CnH2n + 1 Cl and that the 
HCl by-product acts as a poison being more strongly adsorbed on the same sites. 
Their work is described on pages 5 and 6. Although not immediately evident, 
their results can be associated with.the results of this report. A develop-
ment, made by considering a product poison and a Langmuir-Hinshelwood reaction 
mechanism, can also be made to fit the results of Campbell and Kembal . 
The general absolute rate equation for bimolecular reactions with a 
poison which is dissociated upon adsorption is 
kT 
h 
(13) 
when the reactants are weakly adsorbed and the product poison strongly adsorbed 
equation 13 reduces to 
V = ~S 
( 1 + K C ~)2 pp 
Since C , in most cases, is approximately equal to the concentration of the 
p 
limiting reactant. Equation 14 has_a strong tendency to exhibit first order kinetics 
especially if K is large. If K is large the rate equation is of equivalent p p 
form as the results of Campbell and Kembal. 
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Zero order reactions are frequently encountered 
in heterogeneous 
catalytic kinetics and are always an indication 
that a complex reaction 
is occurring involving a number of steps in succ
ession. The bottleneck 
in the process, the step that determines the rat
e, is visualized as an 
equilibrium-type surface-dependent reaction whic
h is relatively slow and 
independent of reactant concentration; hence the
 zero order. If the 
temperature can be raised or the concentration o
f the reactants lowered 
sufficiently, a point can be reached where the c
oncentration dependent 
steps will become slower than the surface react
ion step. Then they 
become controlling and the reaction order will s
tart rising from zero. 
Should HCl also act as a poison when this reactio
n is investigated at 
higher temperatures, we can expect results comp
arable to Campbell and 
Kembal. Should HCl not act as a poison; a maximu
m reaction order of 
two could be obtained by raising the temperature
. Insufficient data are 
available to establish the values of the paramet
ers and extrapolate to 
typical production conditions. Data at only one 
temperature does not 
enable us to calculate both the constants of the
 zero order rate equation 
K
0 
and E0 • Adsorptio
n isotherms are also necessary to establish the 
equilibrium constants which become necessary once
 the reaction rate begins 
rising from zero order. 
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ECONOMIC EVALUATION 
A primary objective of the study was to make an economic 
comparison of the catalytic hydrogenation process for the conversion 
of CDFA to DFA to the process used by Columbia Chemical Co. The 
economics in Table IV are based on a yield of 81.9% for CDFA at 100% 
conversion. This was the best yield established by experiments. Since 
additional work would further optimize the reaction, an 81.9% yield is 
bonsidered conservative. 
The fixed capital investment was calculated by the method 
of Buchanon and Zevnik (21). The minimal fixed capital investment is 
created by the fact that no product purification is necessary. Major 
requirements include storage for raw materials, a reactor, scrubber 
and centrifuge, along with associated equipment. The initial invest-
ment for the catalyst is also included. A 1% loss of catalyst per 
run increases the selling price~ $.08 per pound. Because this does 
not appreciably affect the selling price, I have assumed for this 
preliminary evaluation that catalyst losses in recycling can be neglected • 
A preliminary flow diagram is shown in Figure 4. 
A conservative $7,71/pound has been estimated as the selling 
price. This is compared to the selling price of $9,77/pound for the 
process used by Columbia Chemical Co. and described on pages 7 and 8. 
Both of these evaluations were made on the 'basis of 100,000 lbs. of DFA 
per year. Identical techniques were used in evaluating each process, 
CDFA is the major cost component for this new process, There-
fore, anything which can be done to reduce this cost, will result in an 
29 
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Difluoroacetic Acid Economics 
Invented Route 
Plant Capacity 100,000 lbs/yr 
Capital Investment $36,500 
Raw Materials lb/lb of Product Units $/unit Units/yr 
Utilities 
1.66 
0.508 
Labor Including Overhead 
Mlb 
Mlb 
3250 
35,9 
Operation(\ man/day) (7 day week)@ $8.00/hr 
Supervision(\ man) 
Plant Services (25% of Labor) 
Maintenance (6% x Fixed Capital Investment) 
Depreciation and Other Capital Charv.es (15% F.C.I.) 
Total Mill Cost 
Total Capital Investment 
Fixed 
Working (4 months mill) 
Mill Cost 
G and A (15% Mill Cost) 
Profit (25% x Total Investment) 
Taxes (50%) 
30 
$ 36,500 
190,581 
$227,081 
166.0 
50.8 
, '" -•,' '.,,,1-',_.!,'¥,\,! ,r\ .,,_ c",~:c·"'.~/1:. ,'f'.,c ·.·•_..) .. ,(')'I. ·•, 
.·, .. : - ·~· .. -1,.,...~-· ~·- -·· -- . , 
$/rr $/lb 
$539,500 $5. 395 
1,823 0.018 
$541,323 $5.413 
$ 685 $0.007 
11,666 0.117 
6,000 0.060 
4,410 0.044 
2,190 0.022 
5,470 0.055 
$571,744 $5.717 
$571,744 $5.717 
85,762 0.858 
56,770 0.568 
56,770 0.568 
$771,046 $7.710 
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appreciable reduction in selling price of DFA. The most idealized 
case (100% yield of CDFA) would result in a minimum selling price 
of "' $6.40/pound of DFA. At l,OC)0,,000 pounds/year the selling 
price could probably be lowered~ $1.30/pound. This is created 
mainly by the reduction of capital expenditure per pound of product 
and the reduction of raw material cost, expecially CDFA. The 
ioo,ooo pounds/year basis was chosen as a realistic market load 
for this speciality chemical . 
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SUMMARY AND CONCLUSIONS 
CDFA was catalytically hydrogenated to DFA without the generation 
of side products. The reaction was carried out under reflux, 122 - 134°c, 
at atmospheric pressure and with a large excess of H2. The filtered prod
uct 
was sufficiently high in purity,~ 96%, that product purification was 
unnecessary. Product purity was verified by NMR and elemental analysis and 
exceeded that of commercially produced DFA, ~ 93%. 
Pd and Pt on active carbon were observed to catalyze the reaction. 
Rate data was obtained for these catalysts by gas-liquid chromatographic 
analysis of samples taken throughout a run. Each catalyst exhibited a zero 
order reaction rate. 
For Pt 
V = Ko = 0.000125 e;-rnoles CDFA 
(1) 
hr. - f; of catalyst 
For Pd 
V = K = 0.000265 g-rnoles CDFA 0 
(2) 
hr. - g of catalyst 
The zero order effect results from a slow surface reaction. This effect is 
predicted by a Langmuir-Hinshelwood reaction mechanism. At higher tempera-
tures the Langmuir-Hinshelwood kinetic model predicts the maximum rate to rise 
to first order if the HCl by-product acts as a poison, equation 3, 
V = 
~sCACB 
~ 2 (1 + K C 2 ) pp 
kT 
-h 
-E /kT 
e o 
(3) 
.-· ' '' ~ ... \ ~; ', 
and to second order if HCl does not act as a poison, equation 4. 
\sCACB 
v=--------
(1 + KACA + ~~)2 
kT 
b 
f -e: /kT 
e o 
(4) 
Campbell and Kembal (1) were effective in hydrogenating monochloro alkanes 
to alkanes with Pd and Pt on active carbon in the gas phase at .160-180°C. 
Their results showed the by-product HCl to act as a poison being more 
strongly adsorbed than the reactants. An application of the Langmuir-
Hinshelwood mechanism to the results of Campbell and Kembal supports, the 
maximum first order prediction made for the hydrogenation of CDFA to DFA 
at higher temperatures. However, because acids are generally more strongly 
bound to adsorbent surfaces than alkanes, only additional experimentation 
can establish whether HCl would also act as a poison for the hydrogenation 
of CDFA to DFA at higher temperatures. 
An economic evaluation was carried out on the process for the 
hydrogenation of CDFA to DFA and compared to an evaluation of the present 
commercial route. The economics of this process are more favorable than 
the economics for the present commercial route. At an annual production 
rate of 100,000 lbs. of DFA, the selling price was estimated to be $7. 71/lb ~ 
This compares to an estimated selling price of $9.77/lb of DFA for the only 
commercial route. Optimization of the reaction toward 100% yield of CDFA 
would result in a selling price approaching $6.40/lb. Higher plant 
capacities would also reduce the sellin~ price. However, significantly 
higher capacities are unlikely because of the "speciality chemical" nature of 
DFA. 
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RECOMMENDATIONS FOR FUTURE WORK 
Although the process of hydrogenating CDFA to DFA is now an 
economic contender, future work on optimizing the process could present 
an even brighter picture. The inefficient use of H2 at low temperatures 
(122-134°c} is responsible for the loss of product, DFA and reactant, 
CDFA. These losses are created by the tendency of DFA and CDFA to 
equilibrate with H2 in the vapor phase. Even for the best run these 
losses amounted to 17 mole% of the CDFA charged. Such losses can be 
minimized by a more efficient use of H2, which can be realized through 
faster reaction rates. Increased reaction rates are attainable either 
through the use of a more effective catalyst or through the use of 
higher temperatures for the catalysts already investigated. 
High pressure liquid phase and low pressure gas phase reactions 
~ be studied at higher temperatures for the Pd and Pt catalysts 
already investigated. Higher pressure, higher temperature ( ~52 psia@ 
180°c} liquid phase experiments are recommended as first priority. These 
simpler experiments could establish whether or not Pd and Pt would have 
the same selectivity as they did at reflux temperatures. Higher temperatures 
could effect a defluorination as well as a dechlorination of CDFA. Should 
higher temperature liquid phase reactions prove successful, gas phase reactions 
are recommended as the second study. These experiments will allow an economic 
evaluation t'd ·be made on each system from w;tiich the more economical process 
can be scaled-up to commercial production. 
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I have investigated Pd and Pt as catalysts for the hydrogenation 
of CDFA to DFA. There remains the possibility that some other catalyst 
could produce DFA more efficiently by lowering the activation energy at 
any given temperature. The remaining platinum metals are recommended 
for investigation as possible catalysts: Ru, Rh, Os and Ir. They are 
recommended at 5% by weight on either active carbon or silica. An 
amount of catalyst plus carrier equal to 5% by weight of CDFA is suggested 
for initial investigations of liquid phase reactions. I 
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APPENDIX A 
Economics of the Process for DFA via Columbia Chemical Route 
Raw Material 
cc13H 
CHCl = CHCl 
AlC13 
KOH 
HF 
KMn04 
H2so4 
Difluoroacetic Acid Economics 
Commercial Route 
Plant Capacity 100,000 lbs/yr 
Capital Investment $273,000.00 
lb/lb 2r prod. 
4.36 
3.54 
4.85 
2.04 
1.56 
1.91 
1.16 
Units 
Mlb 
Mlb 
Mlb 
Mlb 
Mlb 
Mlb 
Mlb 
$/Unit 
255.00 
152.50 
155.00 
ll6.00 
235.00 
270.00 
171. 50 
Utilities, Solvents 
Labor Including Overhead 
Operation (2 men/shift) (7 day week)@ $8/hr 
Supervision (1 man) 
Plant Services (25% of labor) 
Units/yr 
436.0 
354.o 
485.0 
204.o 
156.0 
191.0 
116.0 
Maintenance (6% x Fixed capital investment) 
Depreciation and other capital charges (15%-x F.C.I,) 
Total Mill Cost 
37 
111,000 
53,800 
75,200 
23,600 
36,700 
51,600 
19,900 
$371,800 
2,740 
140,000 
25,000 
41,250 
16,400 
40,900 
$638,090 
1.110 
0,538 
0.752 
0.236 
0.367 
0.516 
0.199 
$3.718 
0.027 
1.400 
0.250 
o.412 
0.164 
o.409 
$6.381 
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APPENDIX A (continued) 
Total Capital Investment 
Fixed 
Working (4 mo. mill) 
Mill Cost 
G and A (15% Mill Cost) 
Profit (25% F.C.I.) 
Taxes ( 50%) 
$273,000 
212,697 
$485,697 
Selling Price 
Selling Price --------------
$/yr 
$638,090 
95,800 
121,500 
121,500 
$976,890 
$/lb 
$6.381 
0.95(3 
1.215 
1.212 
$9.769 
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APPENDIX B 
HYDROGEN ROTAMETER CALIBRATION CURVE 
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FIGURE 5, CALIBRATION CURVE 
TUBE-08-150, FLOAT-l/16 11 8ALL, FLOAT MAT
1
L.-GLASS 
80 
i_, 
,':, 
,·, 
:;.. ' 
•{,, 
'Y(. 
Ii {. 
•: f, 
,. 
' ., ,:,,.. .. -.. ' . ~. ,• '.. .·. ,,. ' 
,· 
' ... 
APPENDIX C 
Literature Cited 
1. Campbell, J. S., Kemball, C., "Catalytic Fission of the Ca
rbonj( 
Halogen Bond, 11 Trans. Faraday Soc., 1961, 
2. u. s. Patent 2,870,213, January 20, 1959 . 
3, u. s. Patent 2,697,124, December 14, 1954. 
4. Ger. Patent 910,778, May 6, 1954. 
5, U.S. Patent 3,278,614, October 11, 1966. 
6. Chem. Abs tr. 53, 1102 b. ( 1959). 
57,809, 
7, Coffman, D. D.' et. al.' J. Org. Chem., Vol. 14, p. 747
, 
8. Coffman, D. D.' et. al.' lee. cit. 
9. u. s. Patent 2,442,995, June 8, 1948 to DuPont.
 
10. u. s. Patent 2,409,315, 
11. Yarovenko, N. N., et. al., Zhur. Obshchet Khim 27, 2246-50 
12. Henne and Pelley, J. Am. Chem. Soc. 74 ,1426 ( 1952). 
13, Henne, A., et. al., J, Ar.I, Chem. Soc., 67.918 (1945). 
14. U.S. Patent 2,371,757 to DuPont. 
15, Henne, A., Chem. Abstr. 39, 3307 (1945). 
16. Cohen, S. G., et. al., J. Arn. Chem. Soc., 71, 3439 (1949). 
( 1957) . 
17. Olah, G. A. /Friedel-Crafts and Related Reactions," Interscience 
Publishers, Vol, II, Part 2, page 1164 (1964). 
18. Prins, J., Chem. Abs tr., Vol. 10, 2702 .( 1910). 
19. Whaley, A. M., Davis, H. W., "Isomerization During Allylic Fluroination, 
11 
J. Am. Chem. Soc., 70,1026 (1948). 
,, 
.~ 
.. '·.· 
' i 
! 
j 
1 } 
I .:' 
j } 
~· . 
20. Verbal communication with Max Gergel, president of Columbia Chem. 
Co., June 9, 1969. 
21. Buchanan, R. L. ,' Zevnik, F. C., 11 Generalized Correlation for Process 
Investment," paper presented at 55th Annual Meeting A.I.Ch.E, Chicago, 
Illinois, December 2-6, 1962. 
22, Engelhard Industries Bulletin No. E.M. 6158. 
23. Laidler, K. J., "Advances in Catalysis/ Reinhold Pub., EI!llllet, P.H., 
ed., Vol. I, 195-243. 
